Aims/hypothesis We studied the relationship between the lipid profile, estimated GFR (eGFR) and AER in patients with type 1 diabetes. We also assessed the association between the lipid profile and glycaemic control, obesity and hypertension in an environment free of manifest renal disease, as well as exploring how well the patients would have achieved the targets set in international guidelines. Methods A total of 2,927 adult patients who had type 1 diabetes and for whom lipid profiles were available were included from people participating in the nationwide, multicentre Finnish Diabetic Nephropathy Study (FinnDiane). eGFR was determined using the Cockcroft-Gault formula adjusted for body surface area. Results Patients with impaired renal function (eGFR <60 ml min −1 1.73 m −2 ) had higher total cholesterol, triacylglycerol and apolipoprotein B, and lower HDLcholesterol concentrations than patients with normal renal function (eGFR >90 ml min −1 1.73 m −2 ) or mildly impaired renal function (eGFR 60-90 ml min −1
with type 1 diabetes but without nephropathy have similar or even more favourable lipid profiles than non-diabetic individuals they still have a fourfold higher mortality from cardiovascular disease [1] . Notably, patients with type 1 diabetes and nephropathy have a tenfold greater risk of cardiovascular disease compared with those without nephropathy [2] . Microalbuminuria is a predictor of diabetic nephropathy and cardiovascular disease. In fact elevated AER is a continuous cardiovascular risk factor since even a mild increase within the normal range predicts cardiovascular risk [3] , similarly to lipid variables, which also show a continuous relationship with cardiovascular disease without any apparent thresholds [4] .
Earlier studies have shown that multiple lipid abnormalities cluster in incipient or overt diabetic nephropathy [5] [6] [7] . However, more recent larger cohort studies have not been able to replicate all these findings after adjusting for confounding variables [8] . Dyslipidaemia not only promotes cardiovascular risk, but may also play a role in the progression of diabetic nephropathy [9] . However, it is not yet clear whether the lipid abnormalities precede or coincide with the increase in AER.
In general, an increase in AER is paralleled by a decrease in GFR, although some patients with normal AER may already have a decreased GFR together with more advanced diabetic glomerular lesions [10] . So far data on the association between early changes in GFR and lipid disturbances in patients with type 1 diabetes are limited. Therefore, we studied the relationship between lipid variables, estimated GFR (eGFR) and AER in a large cohort of patients with type 1 diabetes. We also explored the effect of glycaemic control, obesity and hypertension on the lipid profile in type 1 diabetic patients with normal AER and eGFR >60 ml min −1 1.73 m −2 , a cohort free from the confounding effect of manifest renal disease. Finally, we explored how well patients with type 1 diabetes would have achieved the targets of international guidelines with regard to both LDL-and HDLcholesterol, and triacylglycerol.
Methods
Study participants This report presents cross-sectional data from the baseline visit of patients who participated in the Finnish Diabetic Nephropathy Study (FinnDiane), a nationwide, multicentre study. The aim of the FinnDiane Study is to identify risk factors that play a role in the development and progression of microvascular and macrovascular complications in type 1 diabetes. Adult patients with type 1 diabetes from more than 70 hospitals and primary healthcare centres all over Finland were consecutively asked to participate. The study protocol follows the Declaration of Helsinki and has been approved by the local ethics committee of each participating study centre. All patients gave their written informed consent before participation. [12] were: LDL-cholesterol ≥2.6 mmol/l, triacylglycerol ≥1.7 mmol/l and HDL-cholesterol ≤1.0 mmol/l for men and ≤1.3 mmol/l for women. eGFR was calculated on the basis of a single serum creatinine measurement using the Cockcroft-Gault formula adjusted for body surface area [13] . Classification of renal function on the basis of eGFR was as follows: normal >90 ml min −1 1.73 m −2 , mildly impaired 60-90 ml min 
Results
Lipid profile by renal function Clinical characteristics of the patients grouped by eGFR and the control group are presented in Table 1 . Table 2 shows the associations between renal function and lipid profiles. Patients with impaired renal function had higher total cholesterol, LDL-cholesterol, triacylglycerol and ApoB, as well as lower HDL-cholesterol levels than patients with normal or mildly impaired renal function (p<0.001 for all). In contrast, the lipid profiles of patients with normal or mildly impaired renal function were almost similar. In comparison with the non-diabetic control participants, diabetic patients with normal renal function had higher LDL-and HDL 2 -cholesterol, and lower total HDLand HDL 3 -cholesterol (p<0.001 for all) than the control group.
To study factors associated with eGFR, multiple linear regression analysis was performed. The model included variables that were significantly associated with eGFR in univariate analyses. Some lipid variables were intercorrelated and could not be included in the same model. Age, BMI, triacylglycerol and systolic blood pressure were independently associated with eGFR (R 2 =0.28; Table 3 ). LDL-and HDLcholesterol were not independently associated with eGFR. When HDL-cholesterol was replaced by ApoA-I the model remained unchanged and ApoA-I was also not independently associated with estimated GFR. When triacylglycerol and LDL were replaced with ApoB, ApoB was independently associated with eGFR (R 2 =0.28). When AER was added to the original model, systolic blood pressure and triacylglycerol were no longer independent predictors of eGFR, but HDLcholesterol became one (R 2 =0.37).
The relationship between renal function and AER Among patients with normal AER only 2.3% (n=43) had impaired renal function, 32.4% (n=619) mildly impaired and 63.7% (n=1,248) normal renal function. The normoalbuminuric patients with impaired renal function were predominantly women, of higher age and had a longer duration of diabetes, higher systolic blood pressure, lower diastolic blood pressure and normal weight (data not shown). The proportion of patients with impaired renal function in the patient groups with microalbuminuria and macroalbuminuria was 5.9 and 50.4% respectively. On the other hand, among patients with impaired renal function 13.4% (n=43) had normal AER, 8.1% (n=26) had microalbuminuria and 78.5% (n=252) had macroalbuminuria.
Lipid profile by albuminuria Associations between lipid profiles and albuminuria are shown in Table 2 . Multiple linear regression analysis was performed in order to study factors associated with AER. The model included variables that were significantly associated with AER in univariate analyses. Systolic blood pressure, HbA 1c , triacylglycerol, duration of diabetes and both HDL-and LDL-cholesterol were independently associated with AER (R 2 =0.23; Table 4 ). When triacylglycerol and LDL-cholesterol were replaced with ApoB in the model, ApoB was also an independent predictor of AER (R 2 =0.23). HDL-cholesterol was also replaced with ApoA-I, but ApoA-I was not an independent predictor of AER. When eGFR was added to the original model, LDL-cholesterol was no longer an independent predictor of AER, but the other variables (systolic blood pressure, HbA 1c , triacylglycerol, diabetes duration and HDL-cholesterol) stayed significant (R 2 =0.27).
Lipid profile and glycaemic control, obesity and hypertension in patients without manifest renal disease To assess the impact of glycaemic control, obesity and hypertension on the lipid profile in participants without manifest renal disease, we studied patients with normal AER and with an Hypertension was also associated with higher total cholesterol, LDL-cholesterol and ApoB levels (p<0.01 for all).
Prevalence of patients that would have achieved the targets of international guidelines of year 2007
In general, treatment targets recommended by international guidelines on HDL-cholesterol and triacylglycerol would have been achieved more often than the targets for LDL-cholesterol (Table 6 ). Of patients with impaired renal function, macroalbuminuria or obesity without renal disease less than 18% would have reached the targets for LDL-cholesterol, less than 55% the targets for HDL-cholesterol and less than 75% that for triacylglycerol. In patients without renal disease only about 40% would have achieved the target for LDLcholesterol, even if they had good glycaemic control, normal weight or were normotensive. Since current guidelines were not in practice all the time the data were collected, we also looked at how many patients would have exceeded less stringent criteria for LDL-cholesterol (<3 mmol/l) and still found that 51% of all patients would have exceeded this target (data not shown). Although HDL-cholesterol and triacylglycerol targets would have been more easily achieved, the percentages of patients that would have achieved the recommended concentrations decreased with worsening glycaemic control, body weight and albuminuria.
Discussion
In this large Finnish multicentre study we report for the first time that the lipid profiles of patients with type 1 diabetes are not only closely related to albuminuria, but also to renal function. Importantly, less than 18% of the patients with impaired renal function, macroalbuminuria or obesity without renal disease would have achieved the target of <2.6 mmol/l recommended by international guidelines for LDL-cholesterol. Although HDL-cholesterol and triacylglycerol would have been more easily targeted, the number of patients that would have achieved the recommended targets decreased with worsening glycaemic control, increased body weight, hypertension and albuminuria.
We have previously reported in a smaller study that patients with type 1 diabetes and various degrees of albuminuria display multiple lipid abnormalities [5] . This current large-scale study replicated these findings and extended the association to various degrees of renal function. Importantly, we observed an increased frequency of patients with LDLcholesterol above 2.6 mmol/l in parallel with the severity of kidney disease. This raises the possibility that elevated LDL-cholesterol contributes to the increased risk of macrovascular disease in this patient group as seen in other highrisk populations. Microalbuminuria and serum creatinine, both indicators of renal disease, are risk factors for cardiovascular disease [14, 15] . The combination of proteinuria and reduced GFR has also been associated with a substantial increase in cardiovascular and all-cause mortality in the Japanese general population [16] . In our study we observed that 2.3% of patients with normal AER had impaired renal function and 13.4% of patients with impaired renal function had normal AER. In a recent study in patients with type 2 diabetes in whom GFR was estimated using the modification of diet in renal disease (MDRD) formula, as many as 42% of patients with impaired renal function had a normal AER. This discrepancy, however, is most likely to be due to differences in the type of diabetes, as well as to age and methodology. Studies in patients with type 1 diabetes have yielded conflicting results. Some studies have not found a reduced GFR at all in patients with normal AER [17] , while others have [10, 18] .
The patients studied (n=2,927) account for roughly 10% of all patients with type 1 diabetes in Finland and were evenly distributed all over the country. Thus, this cohort is unique for the study of lipid profiles of patients with type 1 diabetes from several angles, since selection bias is less likely than in single hospital-based studies. Further, all lipid Values are % Patients with lipid-lowering agents were excluded from the analyses a American Diabetes Association recommendations: see [12] variables were measured in the same laboratory specialised in lipid research. One limitation, however, is that we did not measure GFR directly. The Cockcroft-Gault formula [13] was originally developed in a population that consisted of hospitalised men. It was reported to be reasonably accurate in patients with a GFR <60 ml min −1 1.73 m −2 , but less accurate when GFR is within the normal range. To date, unfortunately, there is no optimal non-invasive method to estimate early changes in renal function. The MDRD equation [19] tends to overestimate the number of patients with impaired renal function, while the Cockcroft-Gault formula overestimates the actual renal function because the estimate also includes the tubular secretion of creatinine [20] . The effect of impaired renal function on the lipid profile seems to be similar to that of increased AER and also dependent on the presence of albuminuria. Thus, patients with impaired renal function displayed an atherogenic lipid profile with high total cholesterol, LDL-cholesterol, triacylglycerol and ApoB, and also low HDL-cholesterol concentrations. In our multiple linear regression models, triacylglycerol was a stronger predictor of eGFR and AER than LDL-or HDLcholesterol. Apolipoproteins on the other hand did not provide any additional information that was not gained from triacylglycerol, LDL-or HDL-cholesterol data. In patients without diabetes, impaired renal function has also been associated with increased triacylglycerol and VLDL-cholesterol concentrations [21, 22] . Decreased levels of HDL-cholesterol have also been reported [22] , but in contrast to our findings, changes in LDL-cholesterol and ApoB with impairment of renal function have been insignificant [21, 22] . Importantly, a third of our patients with normal AER had mildly impaired renal function and 2% had impaired renal function. It has previously been shown that patients with type 2 diabetes and a reduced eGFR (calculated by MDRD6 formula) have a similar degree of intrarenal vascular damage irrespective of their AER status [23] . Likewise, a decline in renal function has been reported to be associated with an increase in carotid intimalmedial thickness and an increase in intrarenal arterial resistance index [24] . Thus, not only AER, but also GFR may be a marker of generalised vascular disease. Moreover, more advanced glomerular lesions have been found in patients with type 1 diabetes and normal AER who had a reduced GFR than in patients with normal AER and normal renal function [10] .
The effect of glycaemic control on the lipid profiles was studied in patients without manifest renal disease. The differences were most apparent between patients with intermediate and poor glycaemic control. Earlier studies in patients with normal AER have been limited by rather small numbers of patients and have only reported effects of glycaemic control on HDL-and VLDL-cholesterol [25] . Total cholesterol, LDL-and HDL-cholesterol, triacylglycerol and ApoB were independently associated with HbA 1c in studies including patients with various degrees of kidney disease [26, 27] .
However, these observations may have been biased by the inclusion of patients with renal disease, which in itself is associated with worse glycaemic control and dyslipidaemia. When we divided the patients without manifest renal disease into three groups according to glycaemic control, total cholesterol, LDL-cholesterol and ApoB were elevated when HbA 1c exceeded 7.5%, while triacylglycerol and HDLcholesterol did not change significantly with HbA 1c below 9.0%. These observations may partly be explained by glycation of lipids and lipoproteins in diabetic patients with poor glycaemic control. Glycation may slow down the catabolism of low-density lipoproteins [28] and might enhance the transfer of cholesteryl esters from HDL to ApoB-containing lipoproteins [29] . In contrast, type 1 diabetic patients with good glycaemic control have elevated HDL-cholesterol [30] [31] [32] . This may be due to the stimulation of lipoprotein lipase activity by insulin [33] , which in turn may lead to compositional alterations of HDL-cholesterol that may not be protective against atherosclerosis [34] .
There were clear differences in the lipid profiles by BMI. Interestingly, the impact of BMI in patients without manifest renal disease existed not only in obese, but also in overweight (BMI 25-30 kg/m 2 ) participants. Total cholesterol, LDLcholesterol, triacylglycerol and ApoB concentrations were increased, whereas total HDL-and HDL 2 -cholesterol were decreased with increasing BMI. Excessive weight gain together with intensive insulin therapy in the DCCT study resulted in higher total cholesterol, triacylglycerol, LDLcholesterol and ApoB, as well as lower HDL-cholesterol and ApoA-I levels, despite the improvement in glycaemic control. The beneficial effect of improved glycaemic control on the lipid profile was seen only in patients with a modest weight gain [35] . One possible explanation for these adverse changes in the lipid profile in obese patients is that levels of NEFA, released from adipose tissue, are increased due to the increased mass of adipose tissue. Higher levels of NEFA in turn lead to increased hepatic triacylglycerol and cholesterol synthesis, and an increased rate of VLDL particle secretion [34] .
Cardiovascular mortality has declined in the general population but the decrease in mortality is less pronounced in diabetic patients [36] . Indeed, among type 1 diabetic patients, cardiovascular disease is still the most common cause of death [37] . Importantly, our data suggest that many patients with type 1 diabetes are in need of lipid-lowering treatment. Today's treatment targets are more strict than they were during the time our patients were studied, which could partly explain the high proportion of patients not achieving the 'modern targets'. On the other hand, even with less stringent criteria for LDL-cholesterol (<3.0 mmol/l), the majority of the diabetic patients (51%) would not have reached the targets. In this study, all patient groups, especially those with micro-or macroalbuminuria or those with a decline in renal function, had elevated LDL-cholesterol concentrations in comparison with non-diabetic control persons. In addition, the number of patients who would have achieved the targets of international guidelines decreased in patients who were overweight or had intermediate or poor glycaemic control or hypertension. The largest primary prevention trial including patients with type 1 diabetes is the Heart Protection Study [38] , which showed that patients with type 1 diabetes gain the same benefit from lipidlowering treatment as do patients with type 2 diabetes. Given the increased cardiovascular risk in patients with type 1 and type 2 diabetes, as well as the fact that the observed reduction in vascular events was of the same magnitude regardless of baseline cholesterol, it seems justified and would most probably be cost-effective to prescribe lipid-lowering treatment to these high-risk patients. It is noteworthy that atherogenic compositional changes in these patients may exist despite their having normal cholesterol concentrations.
In conclusion, multiple lipid abnormalities are present not only in patients with type 1 diabetes who have an abnormal albumin excretion rate, but also in those with impaired renal function. The degree of obesity, glycaemic control and presence of hypertension were associated with an adverse lipid profile in patients without manifest renal disease. A substantial number of patients in this study would have exceeded the targets set by international guidelines, a finding that was particularly evident for LDL-cholesterol concentrations. Prospective studies are needed to evaluate whether the observed lipid abnormalities play a role in the progression of diabetic nephropathy.
